The role of the acidic domain of α-synuclein in amyloid fibril formation: a molecular dynamics study.
The detailed mechanism of the pathology of α-synuclein in the Parkinson's disease has not been clearly elucidated. Recent studies suggested a possible chaperone-like role of the acidic C-terminal region of α-synuclein in the formation of amyloid fibrils. It was also previously demonstrated that the α-synuclein amyloid fibril formation is accelerated by mutations of proline residues to alanine in the acidic region. We performed replica exchange molecular dynamics simulations of the acidic and nonamyloid component (NAC) domains of the wild type and proline-to-alanine mutants of α-synuclein under various conditions. Our results showed that structural changes induced by a change in pH or an introduction of mutations lead to a reduction in mutual contacts between the NAC and acidic regions. Our data suggest that the highly charged acidic region of α-synuclein may act as an intramolecular chaperone by protecting the hydrophobic domain from aggregation. Understanding the function of such chaperone-like parts of fibril-forming proteins may provide novel insights into the mechanism of amyloid formation.